disease into three stages. The first stage is characterized by intermittent radicular pains in the neck, shoulders, and arms, which gradually become continuous. In the second stage, muscular weakness and atrophy develop in the arms. Finally, spastic paralysis of the legs, loss of various modalities of sensation, paresis of bowel and bladder, and respiratory disturbances characterize a third stage.
The disease has been described in the cervico_thoraeic,S,2s,29.3t , 37 thoracic,~4 z~,25.3s.~9 and lumbar 1,11 regions, or along the entire extension of the spinal column, 6,24,27 with symptoms varying according to the level of the lesion.
We are reporting five cases of hypertrophic spinal pachymeningitis operated upon during 1955 to 1965. We have excluded from this series 14 cases of chronic epidural inflammatory processes and 30 cases of spinal arachnoiditis operated on in the same period, even though some of these showed a moderate thickening of the spinal dura mater.
Case Reports Case 1. S.S., a 3~-year-old male, entered the clinic on January 18, 1955, suffering from continuous pains in the buttocks, and numbness and weakness in both legs, of 3 weeks duration. He had no sphincteric disReceived for publication August 9, 1966 . turbances or fever. His past medical history was noncontributory except for cervical lymphoglandular tuberculosis during infancy. One year before, he had complained of sharp pains in the right buttock radiating to the posterior side of the thigh, and weakness in the right leg, both of which disappeared spontaneously within 1 month.
Examination. The patient was found to have a bilateral spastic gait and weakness of the legs, more marked on the right; Babinski's signs; increased tendon reflexes and transient ankle clonus; and absent abdominal reflexes. The sensory level was D-10.
Laboratory data. Blood count, urinalysis, syphilis tests, and x-rays of the thoracic spine were normal. Lumbar puncture revealed total block and a xanthochromic cerebrospinal fluid containing 18 white blood cells per cc; protein content was 400 nlg%; Pandy 3+, Nonne-Apelt 3+, Weichbrodt negative; the colloidal gold curve was 11~0.02. Lumbar myelography demonstrated a posterior filling defect from T-9 to T-7 where the flow of contrast medium was completely blocked (Fig. 1) .
Operation. At laminectomy, palpation revealed a hard thickened dura which when opened was about 1 cm thick at the T-7 level. The spinal cord appeared pale and soft. There were some adhesions going from the dura to the arachnoid; these were cut. The dura was then removed in two parallel strips between the midline and the emergence of the posterior spinal roots. The wound was closed.
The pathological material was composed of many layers of connective fibers liberally infiltrated with lylnphoeytes and plasma cells (Fig. ~) . Special stains revealed no organisms.
Postoperative course. By the 15th postoperative day, muscular power had increased in the legs. At the last follow-up in May, 1966, gait was only slightly spastic and tendon reflexes were hyperactive. Plantar responses were neither flexor nor extensor.
The sphincters were intact, and there were no sensory abnormalities.
Case 2. In 1948 this 15-year-old boy had low thoracic radicular pains; 3 years later spastic paraparesis and hypesthesia appeared in the legs. At laminectomy from T-9 to T-11 a thickened dura was removed; total recovery followed this procedure. In 1954, weakness in the legs reappeared and was associated with radicular cervical pains, atrophy of the hands, and paresis of both arms. The following year, both legs became totally paralyzed; the sphincters were poor, and changes in sensation marked. Myelography demonstrated obstruction below C-5. Laminectomy fronl C-4 to T-3 revealed thickened dura mater (Fig. 3 ) which was removed. Marked improvement followed and continues 11 years later. The arms are norreal, and he walks with a slightly spastic gait. He has no pain but some sensory deficit remains. (Fig. 4) . A grossly thickened dura was removed at this level (Fig. 5 ). I m m e d i a t e l y postoperatively, the patient's motor and sensory deficits improved greatly, but 4 years later they recurred. H e r age and precarious general health made reoperation impossible.
Case 4.
This 59-year-old woman was adr mitred in 1965 because of radicular thoracic pains and weakness of the legs present for over a year. She had spastic paraplegia, a sensory level at D-7, and difficulty in micturition. Myelography showed a posterior filling defect from T-5 to T-10. At operation a thickened dnra m a t e r was removed (Fig. 6 ). M a r k e d improvement persisted 8 m o n t h s after operation; she was able to walk with a spastic gait. ing T-10 only (Fig. 7) . At surgery a thickened dura m a t e r was removed from this level (Fig. 8) . She died on the 10th postoperative day due to an embolism of the pulmonary artery.
At autopsy there was a thickening on the lateral surfaces of the dura involving one segment only at the operative site; the anterior side was normal. T h e arachnoid was moderately thickened. A transverse section of the spinal cord taken at the level of the lesion showed a marked demyelination of the lateral bundles (Weigert's staining). The body and pedicles of the 10th thoracic vertebra showed a normal histological structure.
Discussion
Etiology. M a n y cases of hypertrophic spinal pachymeningitis have been attributed to syphilis in spite of negative serological tests3 None of our patients had any recollection of syphilis, and tests on the blood and spinal fluid were consistently negative. In 
Localization and Pathology. T h e prevailing
impression t h a t this disease is more common in the cervical or eervico-thoraeic region is contradicted b y our analysis of the 4~ cases operated upon (Table 1) , which demonstrates frequent location in the thoracic region. We had one cervical and four thoracic eases. In our patients, the hypertrophic process was found to extend under from one to seven vertebral laminae. The thickness of the dura m a t e r varied from 5 to 15 into. In none were there epidura] granulations or evidence of adhesive arachnoiditis; however, in two cases the arachnoid was opaque, and in two others some adhesions between the dura m a t e r and the arachnoid were found. T h e spinal cord appeared to be paler t h a n usual and flattened and moderately indented at several points. On microscopic examination, the abnormal dura m a t e r was composed of stratified layers of fibrous connective tissue infiltrated in some parts b y lymphoeytes and 
Symptomatology. Elsberg (19~5) '~ wrote
that hypertrophic paehymeningitis must be suspected when a patient with spinal cord compression has radieular pains referring to three or more nerve roots. In Case 5 of our series, radieular pains preceded spastic paraparesis by 1 year; in Cases 1 and 4, the symptoms of compression of the nerve roots and spinal cord appeared in the same period; in Cases ~ and 3, the onset of the disease was announced by signs of compression of the spinal cord. Thus the preoperative symptomatology ranged from ~ months to 4 years. In all our patients, spastic paralysis of the legs occurred together with disturbances of sensation which were of the segmental type in two patients and extended from the legs up to the level of the lesion in three eases. Disturbances of deep sensation were noted in two eases, while the bladder and bowels were affected in three.
Lumbar puncture always revealed a total block when jugular compression was applied. Examination of the spinal fluid revealed an albumino-cytologie dissociation. The protein content varied from 110 to 500 mgC~o, the cells from 0 to 30/mm 3.
All plain roentgenograms of the spinal column were normal, but myelography, carried out with radiopaque medium, consistently revealed a partial or complete subarachnoid block. Anteroposterior myelograms showed the column of contrast medium to be constricted in two cases, deviated laterally in one case, and blocked with no particular characteristics in the two other cases. These findings are in accordance with those described previously. 4'9'2~
The lateral myelogram turned out to be of greater diagnostic value. The spinal cord and subarachnoid space always appeared pushed forward by the posterior mass. The filling defect was always "beak-shaped" with its apex at the anterior subarachnoid space. This picture left no doubt whatsoever as to the preoperative diagnosis of an expanding extradural process with the greatest thickening posterior to the spinal dural sac. We believe that the lateral myelographic picture, when combined with appropriate clinical data, can establish both the location and the nature of the disease in ahnost all cases.
Treatment. The only form of treatment for hypertrophic spinal pachymeningitis is surgery. Since SChede first operated for this disease in 1901 (referred by Schultze3S), we have been able to find reports of 37 surgical cases (Table 1) . Surgical techniques have varied from decompressive laminectoIny 29' 83 to the incision of the dura mater 12' 21' a6 (with or without freeing it from the underlying leptomeninx and spinal cord), and finally to partial excision of the hypertrophic dura mater.20,21.35,37.39 Some methods are of historic value only; according to Buey and Freeman, 4 they do not provide adequate treatment. Our current technique consists of removing the entire posterior surface of the hypertrophied dura mater in two strips from the midline to the point of emergence of the spinal roots from the dural sac. When araehnoiditis coexists, care must be taken to try to re-establish circulation of the fluid. These are the principles followed by us in our series of cases. On no occasion was dural graft used. No patient had complementary irradiation treatment.
Follow-Up.
A long follow-up period is fundamental for a correct evaluation of surgical treatment of hypertrophic spinal pachymeningitis. The first two patients in our series showed a definite improvement which continues ll years after the operation. The third patient improved immediately after operation until 4 years later when her symptoms returned. We believe this late return of symptoms was caused by a caudal extension of the pachymeningitis operated on previously. Different handling of Cases ~ and S by removal of the posterior dural surface beyond the apparent limits of the lesion might be useful in controlling recurrences of the disease. Our fourth patient, who had spastic paraplegia in flexion when operated on, benefited greatly; in fact, she is able to walk again. Although we have observed her postoperatively for only a short time, her case demonstrates, as do other cases reported, 4,9,12,23 that surgery can obtain good results even when advanced neurological symptoms are present.
There are very few cases of hypertrophic spinal pachymeningitis reported which have been followed for a reasonable length of time after operation; we list them here briefly to emphasize the importance of the correct surgical treatment.
Bucy and Freeman (195~) 4 described two patients with cryptogenetic hypertrophic pachymeningitis (one thoracic and one cervico-thoracic) in whom a manifested improvement of the neurological syndrome was still maintained 8 years later. Irradiation therapy was administered after the operation.
Maciejak (1955) 23 reported a case of posttraumatic hypertrophic pachymeningitis in the thoracic region; the patient showed a marked improvement which gave no signs of regression 4 years later. Also in this case postoperative irradiation therapy was used.
In contrast to these three cases in which vigorous surgery was employed, Case 1 reported by Hohlbaum (1930) 17 made a clinical recovery continuing 5 years after an exploratory operation in which the dura was closed again. This does not seem to be a true case of hypertrophic pachymeningitis, however, of the type described by Joffroy and Charcot.
Summary and Conclusions
We have discussed the pathogenesis, diagnosis, and treatment of hypertrophic spinal pachymeningitis and have added five new surgical cases for comparison with those already reported. The following points emerge:
1. In the majority of the cases, hypertrophic spinal pachymeningitis is a disease of unknown origin involving only a few segments; the thickening of the dura brings about a compression of the spinal roots and spinal cord.
~. The myelographic evidence at the level of the lesion (beak-shaped in lateral projection) is valuable in making the preoperative diagnosis.
3. Surgical treatment, the only therapy for hypertrophic spinal pachymeningitis, must be radical; the entire posterior surface of the dura should be removed and the spinal cord freed along the extension of the lesion. 4. Correct treatment can lead to a favorable prognosis, even in the presence of severely incapacitating symptoms.
